Purpose Computer-assisted knee surgery has become established in routine clinical practice. Still, there is no study investigating midterm clinical outcome after five to seven years postoperatively. We aimed to test the hypothesis that there is no difference either for subjective [Western Ontario and McMaster Universities (WOMAC) scores] or for objective (Knee Society Score, degree of flexion) criteria between computer-assisted total knee replacement (TKR) and freehand TKR after 5.6-7.3 years. Methods We performed a matched-pair analysis; 100 patients who received a primary TKR were investigated after a median follow-up of 6.25 years. Group A was operated on with the support of a computer system, while surgery on patients in group B was performed with the freehand technique. We determined WOMAC Score, Knee Society Score and degree of flexion. 
Introduction
Total knee replacement (TKR) has become a standard operative procedure. Long-term results show different failure modes, but good long-term results after ten years [1] [2] [3] . Still, aseptic loosening is one of the major problems connected to TKR. The establishment of conventional TKR, numerous studies focussed on tribology, metal alloys, polyethylene structure and design of implants to decrease polyethylene wear [4] [5] [6] [7] [8] .
Axial alignment of the limb with restoration of the mechanical axis is a determinant of the outcome. A mechanical axis within a range of ±3°varus/valgus is thought to be associated with a better outcome. However, in previous studies postoperative alignment of the limb exceeded a range of ±3°in up to 30% of cases. Petersen and Engh [9] reported the radiological results of 50 primary TKAs performed using the conventional technique. In their study, 26% of TKAs failed to achieve an alignment within ±3°varus/valgus. Mahaluxmivala et al. [10] analysed 673 TKAs. They found an alignment of more than ±3°varus/valgus in 25% of cases, independent of the surgeon's experience. Although various guiding tools for alignment have been designed to improve accuracy, several limitations of these instruments have been reported [11] [12] [13] [14] . Errors may be due to variations in the bony anatomy, visual misjudgement by the surgeon or limitations of the technique.
Computer-assisted surgery (CAS) was introduced in total knee arthroplasty ten years ago. Numerous studies have shown its superiority regarding postoperative long leg alignment and component orientation [15, 16, 18, 19] . Only a few studies focussed on the clinical outcome, and most of them evaluated only a short-term outcome [19] [20] [21] [22] . We aimed to test the hypothesis that there is no difference either for subjective [Western Ontario and McMaster Universities (WOMAC) scores] or for objective (Knee Society Score, degree of flexion) criteria between CAS TKR and freehand TKR after 5.6-7.3 years.
Method
We performed a matched-pair analysis with investigation of 100 patients who had received primary TKR 5.6-7.3 years before (68-88 months). The matching criteria age, gender, body mass index (BMI), treated side, American Society of Anesthesiologists (ASA) Score, grade of osteoarthritis (Kellgren and Lawrence Score) and sex were similar in both groups (Table 1 ). All patients were recruited from a cohort of 550 patients (Fig. 1) . Fifty patients received a cruciate-retaining PFC Sigma® total knee prosthesis (DePuy®, Warsaw, IN, USA) with fixed bearing within a computer-assisted implantation (VectorVision®, Brain-LAB®, Munich Germany). Fifty patients received a cruciate-retaining PFC Sigma® total knee prosthesis (DePuy®, Warsaw, IN, USA) with fixed bearing in the standard freehand technique. No patellar replacement was performed in either group. All the operations were performed by one team; no learning curve for computerassisted implantation of TKR was included. Implantation followed after standardised spinal anaesthesia with a tourniquet. The median skin incision was followed by median parapatellar arthrotomy. In both groups the tibial cut was perpendicular to the mechanical axis and the femoral component was rotated parallel to the posterior condylar axis. The only difference between the two groups was that the implantation in group B was performed under control of a navigation system. The technique of implantation has been published previously [15] . The standardised postoperative procedure consisted of full weight-bearing on day 1 after the operation with two crutches and daily continuous passive motion and physiotherapy for 3 weeks.
Sample size calculation
We decided to investigate 50 patients in each group. It was done pragmatically, to be able to match enough patients according to the desired matching criteria, age, gender, BMI, treated side, ASA Score, grade of osteoarthritis (Kellgren and Lawrence Score) and sex.
Follow-up measurement
After approval of the local Ethics Committee, written and informed consent was received from all participants. All patients were invited to take part in a clinical follow-up 5.6-7.3 years (median follow-up 75 months) after TKR. The WOMAC Osteoarthritis Index [23] as well as the Knee Society Score [24] and the degree of flexion were obtained from all patients. Complications were monitored from the patient's records. In detail we monitored the following: wound infection, venous thrombosis, deep infection, loosening and reoperation. 
Degree of flexion
When focussing on range of motion (Fig. 4) slightly different but no statistically significant values were found. Mean flexion in group A was 106°(SD 9.19) and in group B 107°(SD 7.44; p=0.62).
Complications
In this cohort we did not see any complications in terms of wound infection, venous thrombosis, deep infection, loosening or re-operation.
Discussion
Computer assisted surgery has gained very much interest in total knee arthroplasty, with superior results concerning axial leg alignment compared to the conventional technique [15] [16] [17] [18] . There is, however, little information about the clinical outcome [19] [20] [21] [22] . This study was conducted to test the hypothesis that there are differences for subjective (WOMAC Score) as well as for objective (Knee Society Score, degree of flexion) criteria between CAS TKR and freehand TKR after 5.6-7.3 years. To the best of the authors' knowledge the longest clinical outcome study focusses on five years. The authors aimed to present five to seven year results and focussed on the WOMAC Score as a validated patient-oriented subjective score, the Knee Society Score as a validated clinical knee score and range of motion. Martin and coworkers investigated the CAS TKR imageless vs image-based technique [21] . They did not find a statistically significant difference two years after implantation. This is in agreement with previous results. In a two-year follow-up comparing image-guided vs freehand TKR in 50 cases, no difference in WOMAC and Knee Society Scores were found between the two groups [20] . In the most recent literature Molfetta and Caldo reported on a case-control study comparing 30 CAS TKRs to 30 freehand TKRs at a 5.4-year follow-up [22] . They recorded radiological data, complications, limb alignment, Knee Society Score and range of motion. According to their data the only difference between the two groups was a statistically significant improvement in the restoration of the mechanical axis of the lower limb alignment. Kamat et al. carried out a retrospective analysis of 673 TKRs of five consecutive years which were either operated on with standard instrumentation or with computer assistance. The authors did not find any statistically significant difference between the two groups for the Oxford Knee Score up to five years postoperatively [19] .
In our study, no significant differences between the groups were found for the WOMAC Score (p=0.62). Further, the Knee Society Score described by Insall and coworkers [24] was comparable to other studies in the current literature [25] . No statistically significant difference for either the Knee Score or the Function Score could be seen. When focussing on the degree of flexion as an outcome criterion the results showed similar values in both groups (mean 106 vs 107°) without a statistically significant difference (p=0.62). Other authors describe a similar degree of flexion in their freehand outcome studies [5] . For these data, the hypothesis to be tested is not proven. There was no difference between group A and group B in our study. When comparing the results to previously published studies one can summarise that similar results were found. Up to the current date, there is no study which evaluates a statistically significantly different clinical outcome between computer-assisted and freehand total knee arthroplasty.
Apart from this, our study has some limitations. The study has a retrospective and matched-pair character with a limited number of subjects. However, when we performed post hoc statistical calculations of sample size, it was found that between 150 and 770 subjects per group would be needed for most bony parameters to detect a statistically significant difference between the study group and the control group. However, the clinical question is whether it would be worthwhile and possible to enroll these additional subjects in order to attain statistical significance if the difference between the two groups is that small and probably of no clinical relevance. It is obvious that a prospective randomised study is still the gold standard for comparing two different techniques. Nevertheless, our study represents one of the first midterm reports comparing the clinical outcome in computer-assisted vs freehand TKR.
Although the postoperative leg alignment has been proven to be superior when using computer assistance in numerous studies, the clinical outcome will still be a matter of ongoing debate. As far as the authors are concerned, the long-term difference between CAS TKR and freehand TKR needs further investigation on a larger time scale.
We could verify our tested hypothesis: There is no difference either for subjective (WOMAC Score) or for objective (Knee Society Score, degree of flexion) criteria between CAS TKR and freehand TKR after 5.6-7.3 years.
The authors conclude that the hypothetical advantages of computer assistance in TKR for functional parameters and patient's satisfaction are still not yet proven. A clinical investigation has to be performed on a larger time scale in terms of loosening as the endpoint.
